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(54) Adaptive coding scheme for satellite communications 

(57) The present invention provides a comprehen- 
sive method for controlling, independently, transmit 
power and coding levels for data transmitted in uplinks 
and downlinks. One preferred embodiment of the 
present invention provides a method for adaptive coding 
of data in a downlink. A data error rate associated with 
downlink data (e.g., a character error rate provided by a 
Reed Solomon decoder) is determined. The method, 
based upon pre-established error rate thresholds, con- 
trols the level of coding (e.g., heavy or light) on data in 
the downlink to achieve a desired data error rate. Heavy 
coded data is typically associated with a code rate half 
that of light coded data, and chances between heavy 
and light coding may be selected using a destination 
address applied at an originating terminal and inter- 
preted at the satellite. Furthermore, the present inven- 
tion provides a method for adaptive power control and 
data coding of uplink data. Depending on the power 
level employed by the terminal transmitter, the method 
(using, for example, a light-to-heavy threshold, a heavy- 
to-light threshold, and a maximum power value) adapts 
the power and coding (e.g., heavy or light) used at the 
terminal to achieve a desired signal to noise ratio (for 
example) of a signal received at a satellite. Additionally, 
the method may suspend transmission from the termi- 
nal when the terminal cannot achieve the desired signal 
to noise ratio regardless of coding or power level availa- 
ble to the terminal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to sat- s 
elJrte communication systems, and more particularly to 
a method for adaptive error coding in a processing com- 
munication satellite system which optimizes data 
throughout in accordance with changing signal propa- 
gation conditions. 10 
[0002] Satellites have long been used to provide com- 
munications capabilities on a global scale, allowing var- 
ious earth terminals to communicate with each other via 
a satellite relay system. Typically, a satellite includes 
multiple uplink and downlink antennas, each of which is 
provides communications bandwidth to a large cover- 
age area (or "footprint") using multiple spot beams. The 
area covered by a spot beam is often referred to as a 
"cell". 

[0003] A sophisticated processing satellite that 20 
demodulates and decodes uplink data and then 
switches that data and re-encodes and re-modulates it 
on the downlink may be used in the satellite relay sys- 
tem. Typically, a Network Operation Control Center 
(NOC) is also provided to generate command signals 25 
that control the satellite relay system and coordinate 
assignment of traffic channels in uplinks and downlinks. 
A typical system employs frequency and time division 
multiplexing (FDMAATDMA) on uplinks and time division 
multiplexing (TDM) on downlinks. However, other mufti- 30 
plexing schemes may readily be used in either of the 
links. 

[0004] Because the data sent to and from the satellite 
is susceptible to significant degradation by, for example, 
atmospheric conditions such as rain or by satellite 35 
antenna pointing error, the data is encoded with error 
detection and correction codes. Two types of error 
detection and correction codes are typically used, con- 
volutional codes and block codes. Characteristics of the 
various techniques, for error control are extensively cov- 40 
ered in the literature. In modern satellite communication 
systems a "concatenated" set of error detection and 
correction codes is typically applied to the data. Con- 
catenated coding refers to the sequence of coding in 
which a second coding operation is performed upon 45 
already encoded data. The "outer code" of the concate- 
nated coding is the first code applied (typically a block 
code), while the "inner code" of the concatenated cod- 
ing is the second code applied (typically a convoiutional 
code in downlink usage or a short block code in uplink so 
usage). 

[0005] A block code essentially adds parity bits to 
each predefined number of bits in a data channel (an 
information block). In processing satellites, a variety of 
block codes known as Reed-Solomon codes are typi- 55 
cally used to outer encode both the uplink and downlink 
signals. The block outer encoded data is then further 
encoded with a convoiutional code on the downlink or a 



short block code on the uplink to reduce the bit error 
rate (BER) to a tolerable level (the BER is the ratio of 
incorrectly received information bits to the total number 
of received information bits). The ratio of the number of 
information (or data) bits to the number of data bits plus 
error correction bits is commonly called the "code rate". 

[0006] The earth terminals which communicate via the 
satellite may be separated by a great distance and typi- 
cally experience different and independent levels of sig- 
nal degradation. In addition, the gain in the antenna's 
footprint and the antenna pointing errors are typically 
different for each terminal. 

[0007] Most ground stations, however, do not concur- 
rently experience the worst case signal degradation at 
any given time. In the past, concatenated error detec- 
tion and correction codes have been used to achieve 
performance tailored to the worst-case signal degrada- 
tion. Thus, in the past, bandwidth has been wasted by 
over-encoding the uplink and downlink with error cor- 
recting data that is not needed by the ground station 
most of the time. Wasted bandwidth results in inefficient 
communication, reduced throughput, and lost revenue. 
Additionally, past systems have failed to provide a sim- 
ple relationship between changes in coding (or even a 
simple, effective inner code to replace the convoiutional 
code) that allowed efficient processing on the satellite. 
[0008] Furthermore, previous terminals continued 
transmission even when signal conditions deteriorated 
beyond the correction ability of the strongest error 
detection and protection code. Again, bandwidth, time, 
and power are wasted because the receiver cannot 
accurately decode the data transmitted to it under such 
conditions. Thus, even systems that change transmitter 
coding to a lighter or heavier level, such as that illus- 
trated in U.S. Pat. No. 5.699.365 entitled "Apparatus 
and method for adaptive forward error correction in data 
communications" by Klayman. allow the transmitters to 
continue transmitting beyond the ability of the receiver 
to decode the data. 

[0009] A need has long existed in the industry for an 
efficient and effective method for adaptive error coding 
in a satellite communications system. 

BRIEF SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to pro- 
vide an adaptive coding scheme for a processing satel- 
lite. 

[001 1 ] It is another object of the present invention to 
provide a mechanism by which originating terminals 
may suspend transmission when their data cannot be 
reliably decoded by destination terminals and to resume 
transmission when conditions warrant. 
[001 2] Yet another object of the present invention is to 
adaptively apply coding either to data transmitted in an 
uplink from an affected terminal "A", to a corresponding 
terminal "B", or to data transmitted in the downlink to an 
affected terminal A which is being relayed from a corre- 
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sponding terminal B or both, and to do so independently 
for the uplink from A and the downlink to A and without 
requiring adaptation of links between the corresponding 
terminal B and the satellite. 

[0013] Another object of the present invention is to s 
provide hysteresis between adaptive changes in coding. 
[0014] Still another object of the present invention is 
to provide a relationship between coding levels that 
allows the coded data to be handled efficiently. 
[0015] One preferred embodiment of the present 10 
invention provides a method for adaptive error control 
coding of data in a downlink. The method includes the 
steps of receiving at terminal A a first signal containing 
light coded data transmitted in A's downlink from the 
satellite and determining a first data error rate associ- 75 
ated with said first signal. When the first data error rate 
exceeds a first threshold (for example, a light-to-heavy 
threshold), the method commands the originating termi- 
nal B to subsequently select addressing which will result 
in transmission of heavy coded data in the downlink to 20 
A. The heavy coded data has a code rate less than that 
of the light coded data. 

[0016] The method also continues to receive at the 
destination terminal A the first signal containing light 
coded data in A's downlink from the satellite and contin- 25 
ues to determine the first data error rate associated with 
the first signal. If and when the first data error rate sub- 
sequently falls below a second threshold, the method 
commands the originating terminal B to subsequently 
select addressing which will result in transmission of 30 
light coded data (i.e., if it was currently transmitting 
heavy coded data) in the downlink to A. 
[0017] Furthermore, the method may establish an 
enter-suspension threshold and determine a second 
data error rate associated with the heavy coded data. 35 
The method may then command each originating termi- 
nal B to suspend transmission when the second data 
error rate exceeds the enter-suspension threshold. 
Additionally, the method may establish an exit-suspen- 
sion threshold separated from the enter-suspension 40 
threshold by a suspension hysteresis. The method may 
then command the first originating terminal B to resume 
transmission when the second data error rate falls 
below the exit-suspension threshold. 
[001 8] Heavy coded data in the downlink is typically 45 
associated with a rate 3/8 inner convolutions code 
applied at the satellite, while the light coded data in the 
downlink is typically associated with a rate 3/4 convolu- 
tional code. In the uplink from originating terminal B, 
heavy and light coded data in affected terminal A's so 
downlink typically results from the addressing used by B 
and is independent of the light or heavy coding applied 
by the originating terminal B itself. Preferably, the origi- 
nating terminal sets an address bit, for example, a bit in 
a virtual Path Indicator (VP I) field of an Asynchronous 55 
Transfer Mode (ATM) cell, to indicate to the satellite 
which type of coding to apply on the downlink. 
[0019] Additionally, the present invention provides a 



method for adaptive error control coding of data in an 
uplink based on the power level indicator value at the 
final amplifier of the originating terminal A. This power 
level is controlled in a closed loop by command from the 
satellite to maintain one of two predetermined levels as 
seen at the satellite depending on whether the heavy 
code or light code is in use on the uplink. The method 
includes the steps of sending in an uplink, by an 
affected terminal A, light coded data addressed to a first 
destination terminal B and determining a light coded 
data power indicator value associated with the light 
coded data. When the light coded data power indicator 
value exceeds a first threshold, the affected terminal A 
requests transfer of its uplink to a heavy channel and 
subsequently sends heavy coded data. 

[0020] The method further determines a first heavy 
coded power indicator value, associated, for example, 
with the heavy coded data transmitted by the affected 
terminal A. When the heavy coded power indicator 
value falls below a first threshold, the affected terminal 
A requests transfer of its uplink to a light channel and 
subsequently sends light coded data. When the first 
heavy coded power indicator value exceeds a second 
threshold, the method suspends transmissions from the 
affected terminal A. When suspended, however, the 
affected terminal may continue to transmit synchroniza- 
tion bursts. 

[0021 ] In order to send heavy coded data, the method 
may apply a particular inner code in a concatenated 
coding scheme, for example, an (8, 4) or (16, 8) block 
code. Similarly, when sending light coded data, the 
method may apply a different inner code or no inner 
code (a "rate 1" code). Preferably, the code rate of the 
heavy coded data is half that of the light coded data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

Figure 1 shows a downlink State and Action Dia- 
gram for downlink adaptive error control coding 
according to the present invention. 
Figure 2 illustrates an uplink State and Action Dia- 
gram for uplink adaptive error control coding 
according to the present invention. 
Figure 3 depicts a block diagram illustrating one 
possible implementation of uplink adaptive error 
control coding in a processing satellite system. 
Figure 4 shows one possible set of downlink thresh- 
olds suitable for use with the present invention. 
Figure 5 shows one possible set of uplink thresh- 
olds suitable for use with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] Turning to Figure 1, that Figure shows a state 
and action diagram 10 for a preferred embodiment of 
adaptive error encoding of downlink data according to 
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the present invention. Figure 1 shows a light-encoding 
state 100 with a maintain-light-encoding transition 102, 
as well as a light-to-heavy transition 104 from the light- 
encoding stare 100 to a heavy-encoding state 106. 
From the heavy-encoding state 106 there is a maintain- 5 
heavy-encoding transition 108 and a heavy-to-light tran- 
sition 110. In addition, there is an enter-suspension 
transition 112 from the heavy-encoding state 106 to a 
suspension state 114. Figure 1 also shows a maintain- 
suspension transition 116 and an exit-suspension tran- 10 
srtion 118. 

[0024] As used throughout the remainder of this spec- 
ification, an "affected terminal A" is the terminal at which 
the adaptive coding action is being performed relative to 
itself, and the "corresponding terminal B" is the terminal is 
that sends to, or receives from, the affected terminal. 
Both the affected terminal and the corresponding termi- 
nal may be either the originating terminal where the 
message originates, or the destination terminal where 
the message is received. 20 
[0025] An affected terminal A receives a mixture of 
light and heavy coded data from the satellite in its down- 
link. The affected terminal determines a data error rate 
associated with the light coded data present in the 
downlink. As an example, the data error rate may be a 25 
Bit Error Rate, Character Error Rate, or the like. 
Although the discussion below proceeds with reference 
to Character Error Rate (CER), the invention is not lim- 
ited thereto. 

[0026] The discussion below of the operation of the 30 
present invention as shown in Figure 1 is supplemented 
by the downlink threshold diagram 400 illustrated in Fig- 
ure 4. The threshold diagram 400 shows, as examples, 
error rates of 0.8% (402), 1 .2% (404), and 1 .5% (406). 
The 1 .2% error rate 404 may be used as the threshold 35 
at which the satellite preferably switches from light cod- 
ing the downlink to heavy coding the downlink (T lh 
below) in response to addressing changes at an origi- 
nating terminal B, as discussed in more detail below. 
Additionally, the 0.8% error rate 402 may be used as the <o 
threshold at which the satellite switches from heavy 
coding the downlink to light coding the downlink (T hi 
below). The 1 .5% error rate 406 may be used as the 
threshold above which an originating terminal B is com- 
manded to suspend transmissions through the satellite 45 
(T te below). The originating terminal B may then reacti- 
vate downlink transmissions when the error rate, for 
example, falls below T^. 

[0027] Returning to Figure 1 , the destination terminal 
measures a CER for the light coded data present in its so 
downlink (CER^ 120 and compares the CER| ight 120 
to the light-to-heavy threshold T^ (which may be on the 
order of 1 .2%, for example). In the preferred embodi- 
ment the CER is the CER observed at a decoder for a 
Reed-Solomon block code used as the outer code on ss 
the data in the downlink. Both CER| ighl and CER heavy 
are so established. If the value of CER Eght 120 is less 
than T^ the destination terminal remains in the light- 



encoding state 100, as illustrated by the maintain-light- 
encoding transition 102. Otherwise, the destination ter- 
minal A sends a switch-to-heavy notice 122 to all origi- 
nating terminals B that are sending to the affected 
terminal A, commanding them to select addressing 
which will result in heavy encoding for all subsequent 
data transmitted in the downlink to A. The affected ter- 
minal A then transitions to the heavy-encoding state 
106, through the light-to-heavy transition 104. 

[0028] While the affected terminal A is in the heavy- 
encoding state 106, terminal A expects to receive heavy 
coded data from each originating terminal B. In the pre- 
ferred embodiment, there is a proportional relationship 
between the heavy and tight error encoding rates. The 
proportional relationship may match the code rate adap- 
tation to the time multiplexing and synchronization 
structure of the satellite communications system. In the 
preferred embodiment, the heavy error-coding rate is 
1/2 the light error-coding rate. Accordingly, a frame of 
downlink data bearing heavy code blocks contains half 
the information content (payload) of frame bearing 
blocks encoded using light error coding. Therefore, 
twice as much light coded data may be transmitted in 
the same downlink time frame as the amount of heavy 
coded data that could be transmitted. Thus, the rate 
adaptation according to the present invention minimizes 
the need for interruption of synchronization and 
changes in the frame sizes. 

[0029] As an example of the two to one relationship 
between the light and heavy error rates, the heavy 
coded data may use a rate 3/8 convolutional code, while 
the light coded data uses a rate 3/4 convolutional code. 
While the data addressed to the destination terminal is 
encoded at the heavy coding rate, the downlink beam 
typically contains light coded data addressed to other 
terminals, for example in different downlink frames, thus 
permitting the aforementioned light and heavy error 
rates to be monitored concurrently. 
[0030] Therefore, the destination terminal may deter- 
mine the Character Error Rate of such light coded data 
(CER| jght ) 124 and compare it to the heavy-to-light 
threshold T h , (which may be on the order of 0.8%). If the 
value of CER{j ght 124 falls below T H , while the terminal 
is in heavy mode 106, the terminal may send a switch- 
to-light notice 126 to all originating terminals (senders), 
commanding them to use light encoding for ail subse- 
quent data sent to the destination terminal. The destina- 
tion terminal then effectively transitions to the light- 
encoding state 100, through the heavy-to-light transition 
110. 

[0031] It is important to note that the light-to-heavy 
threshold, T ft , and the heavy-to-light threshold, T hl , are 
separated by a coding hysteresis interval which pre- 
vents unnecessary toggling between the light-encoding 
state 100 and the heavy-encoding state 106 in border- 
line conditions. Thus, even though the affected terminal 
A transitions from the light-encoding state 100 to the 
heavy-encoding state 106 when the CER, ight 120 
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exceeds T^, the transition back from the heavy-encod- 
ing state 106 to the light-encoding state 100 does not 
occur when CER )jght 124 drops below T^. Rather, the 
transition to the light-encoding state 100 occurs when 
CER| jght 124 drops below T w (which is lower than by 
the coding hysteresis interval). Likewise, the affected 
terminal A does not switch to heavy-encoding state 106 
until the CER|jg ht 120 again exceeds T !h (which is higher 
than Thj by the coding hysteresis interval). 

[0032] The transitions between heavy and light coding 
may be achieved by commanding each originating ter- 
minal B to set a single bit in an ATM VPI or VCI field to 
a particular value, indicating the appropriate encoding 
rate to be used on the downlink For example, setting 
the leading VPI bit to 0 may represent light encoding 
while setting the leading VPI bit to 1 may represent 
heavy encoding. The satellite may detect such changes 
in the VPI and apply the corresponding coding level to 
the data in the downlink. Under such a scheme, when 
an affected terminal A transitions from heavy-encoding 
state 106 to the light-encoding state 100, the switch-to- 
light notice 126 commands all originating terminals B to 
set the leading VPI bit in all the data addressed to the 
affected terminal A to 0. This allows the satellite relay 
system to use light coding on the data addressed to the 
affected terminal A. 

[0033] Returning to Figure 1, while in the heavy- 
encoding state 106, the affected terminal A also deter- 
mines the CER of the heavy encoded data present in its 
downlink (CER heavy ) 128, and compares CER^^yy 128 
to the enter-suspension threshold T h8 (which may be, 
for example, on the order of 1.5%). If the CER heavy 128 
exceeds T^, the affected terminal A sends a stop-send- 
ing notice 130 to all originating terminals B (senders) 
and optionally the NOC, commanding them to suspend 
sending data to the affected terminal A. The affected 
terminal A transitions to the suspension state 114, 
through the enter-suspension transition 112. Thus, orig- 
inating terminals B do not waste time, energy, and band- 
width transmitting data that the affected terminal A 
cannot decode properly due to poor signal reception. 
The enter-suspension threshold T^ represents the 
highest data error rate tolerable, above which it is more 
desirable to suspend sending data to the destination 
terminal than to consistently generate erroneous data. 
[0034] Alternatively, if the CER (ight 124 exceeds T h) 
and CER heavy 128 is lower than T h8 then the affected 
terminal A effectively remains in the heavy-encoding 
state 106, as illustrated by the maintain-heavy-encoding 
transition 108. Typically the enter-suspension and exit- 
suspension thresholds are higher than the light-to- 
heavy and heavy-to-light thresholds, because the enter- 
suspension and exit-suspension thresholds represent 
extreme signal degradation conditions. 
[0035] The affected terminal A does not receive any 
data from originating terminals while in the suspended 
state 1 14. However, the affected terminal A still receives 
the downlink which typically contains heavy coded data 



addressed to other terminals. The destination terminal 
may therefore determine the Character Error Rate of 
such heavy coded data (CER heavy ) 132 and compare it 
to the exit-suspension threshold T sh (which may be, for 
5 example, on the order of 1 .2%). 

[0036] If the value of CERheavy 1 32 fails below T 8h , the 
affected terminal A may send a resume-sending notice 
134 to all originating terminals B (senders) and option- 
ally to the NOC, commanding them to resume sending 

10 data to the affected terminal A. The affected terminal A 
then transitions to the heavy-encoding state 106, 
through the exit-suspension transition 118. Otherwise, if 
CER heavy 132 exceeds T 8h , the affected terminal A 
remains in the suspension state 1 1 4 as illustrated by the 

is maintain-suspension transition 1 1 6. 

[0037] It is important to note that the enter-suspension 
threshold, T h8 , and the exit-suspension threshold, T 8h , 
are also separated by a suspension hysteresis interval 
which prevents unnecessary toggling between the 

20 heavy encoding state 1 06 and the suspension state 1 1 4 
in borderline conditions. Thus, in the preferred embodi- 
ment, even though the affected terminal A transitions 
from the heavy-encoding state 106 to the suspension 
state 1 1 4 when the CER heBVy 128 exceeds T^, the tran- 

25 sition out of the suspension state 114 to the heavy- 
encoding state 106 does not occur when the CERheavy 
132 drops below T h8 . Rather, the transition out of the 
suspended-state 114 occurs when the CER heavy 132 
drops below T 8h (which is lower than T h8 by the suspen- 

30 sion hysteresis interval). Likewise, the affected terminal 
A does not switch to the suspension state 114 until the 
CERheavy 12 8 again exceeds T h8 (which is higher than 
T 8h by the suspension hysteresis interval). 
[0038] As will be seen below, coding changes applied 

35 to data in the uplink are completely independent of cod- 
ing chances applied to data in the downlink, although 
the invocation of such changes is typically a result of a 
common cause, such as a gathering storm. 
[0039] Turning now to Figure 2, that figure illustrates a 

40 state and action diagram 200 for a preferred embodi- 
ment of adaptive coding on the uplink. The diagram 200 
shows a light-coding state 202, a heavy-coding state 
204, and a standby state 206. Further illustrated in Fig- 
ure 2 is a heavy request block 208 and a heavy transi- 
ts tion block 210 through which transitions may occur 
under heavy transition condition 212. Similarly, a light 
request block 214 and a light transition block 216 are 
illustrated through which transitions may occur under 
light transition condition 218. A timeout block 220 is 

so associated with one possible branch in attempting to 
change from heavy to light coding. Figure 2 also indi- 
cates a standby transition 222 (which occurs under 
standby condition 224) and a resume transition 226 
(which occurs under resume condition 228). 

55 [0040] Starting with the light-coding state 202, an 
affected terminal A is assumed to be transmitting light 
coded data in an uplink. The light coded data may be 
addressed to any particular destination terminal B and 



9 EP 0 991 

relayed through the communications satellite. The 
affected terminal A transmits at a particular power level, 
P, according, for example, to maintain a desired signal 
to noise ratio (SNR) at the satellite receiver which typi- 
cally has two distinct values depending on whether the 5 
light or heavy code is in use. The affected terminal A 
may receive feedback from the satellite or an independ- 
ent monitoring system to adjust P to meet the desired 
SNR. The power level P (typically expressed in Watts) 
of the final amplifier of the affected terminal A is one 10 
example of a power indicator suitable for use with the 
present adaptive coding method. 

[0041] The discussion below of the operation of the 
present invention as shown in Figure 2 is supplemented 
by the uplink threshold diagram 500 illustrated in Figure 15 
5. The threshold diagram 500 shows, as examples, 
power thresholds of 0.4W (502), 0.5W (504), 1.3W 
(506), 1.6W (508), and 2.0W (510) and the relationship 
between heavy and light coding and differing power lev- 
els. The relationships will be discussed in more detail 20 
below. As an initial overview, starting with the assump- 
tion that the affected terminal A is operating with P less 
than the 1 .6W threshold 508 (P [h below) and using light 
coding on its uplink. When the power control system 
causes P to exceed the 1 6W threshold 508, however, 2s 
the affected terminal preferably switches to heavy cod- 
ing and drops its power to the 0.5W threshold 504 (P h0 
below), as illustrated by the transition 514. When the 
power required at the affected terminal A drops below 
the 0.4W threshold 502 (P hj below) while it is using 30 
heavy coding on its uplink, the affected terminal A pref- 
erably switches to light coding and increases its power 
to the 1.3W threshold 506 which is used initially with the 
light code, as illustrated by the transition 516. 
[0042] As will also be discussed in more detail below, 35 
the affected terminal A may enter a suspension state. 
For example, when the power required at the affected 
terminal rises above 2.0W (P max below), at which point 
the affected terminal A should already be using heavy 
mode, the originating terminal may suspend all trans- <o 
missions, except, optionally, synchronization bursts. 
When the power required thereafter falls below the 
1 .6W threshold 508 (P 8h below), the originating terminal 
may then resume transmissions in the heavy coded or 
light coded states and associated power levels. 45 
[0043] Note that the final amplifier power, P, at the 
affected terminal A required may vary substantially as a 
result of changing propagation conditions, even though 
the SNR at the satellite is essentially constant. The 
affected terminal A, however, cannot increase power so 
indefinitely to meet the desired SNR. Thus, a light-to- 
heavy threshold, P^, is defined which represents the 
point at which the originating terminal will switch to a 
heavier coding. The heavier coding provides additional 
error correcting capabilities over the light coding and 55 
thereby actually allows the affected terminal A to reduce 
its power output, P while maintaining a constant error 
rate at the satellite. As an example, light coded data 
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may be generated with a light "rate 1" inner block code 
(i.e., no inner code), while the heavy coded data may be 
generated, preferably, with a heavy rate 1/2 inner block 
code. Because the two to one relationship typically 
means that the affected terminal A will require two time 
slots to transmit the heavy coded data for what would 
have been every one light coded data timeslot, a 
processing satellite may adapt to the change in coding 
without significant changes or complex adaptation in the 
processing of the data. 

[0044] Returning to Figure 2, the originating terminal 
remains in the light-coded state 202 while P < P ih . When 
directed by the satellite to increase its transmitter power 
above P^ (due to, for example, increasing rain condi- 
tions), the affected terminal A sends a switch-to-heavy 
request to the NOC. This process is illustrated in Figure 
2 as heavy transition condition 212 and heavy request 
block 208. Assuming that the NOC grants the request 
(the grant may be transmitted back through the satellite 
to the affected terminal A), the affected terminal A tran- 
sitions through the heavy transition block 210 to the 
heavy-coded state 204. As part of the transition, the 
affected terminal A may change to a new frequency 
channel or timeslot ("chanslot" in Figure 2) as com- 
manded by the NOC, and reduces its power to a prede- 
termined start point for heavy coding, P h0 , typically 5 dB 
below P^ 

[0045] If. however, the NOC denies the request, the 
affected terminal A transitions to the standby state 206. 
In the standby state 206, the affected terminal A, 
because of poor signal conditions, does not attempt to 
transmit data to a destination terminal B. Thus, the 
affected terminal A transitions from active transmission 
to a standby condition. An active-to-standby procedure 
may be executed in which, for example, the affected ter- 
minal ceases transmission, except for synchronization 
bursts. 

[0046] Returning to the heavy-coded state 204, the 
affected terminal A continues to transmit heavy-coded 
data while P > P h! . In other wads, the affected terminal 
A remains in the heavy-coded state 204 as long as it 
needs more than P hj power to follow the direction of the 
power control algorithm. It is noted that the affected ter- 
minal may gradually increase or decrease its transmis- 
sion power, P, while in the heavy-coded state 204, as it 
did while in the light-coded state 202. However, upon 
reaching a predetermined maximum transmit power, 
p max. typically the rated power of the transmitter, the 
affected terminal A informs the NOC that it is transition- 
ing to the standby state 206. These steps correspond to 
the standby condition 224 and standby transition 222. 
[0047] The affected terminal A remains in the standby 
state 206 while the power required to send synchroniza- 
tion, bursts remains greater than P 8h . Note that, in cer- 
tain embodiments, P 8h may have the same value of Pj h . 
When P fails below P 8h , the affected terminal A transi- 
tions 228, to active status using a heavy uplink 204 initi- 
ating a standby-to-active procedure 226 using the, 
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heavy code. During the procedure, the affected terminal 
A may execute any power-on, registration, or awaken 
signaling designed to allow the affected terminal A 
access to the communications system. Subsequently, 
the affected terminal A may transition to routine trans- 5 
missions to destination terminals B using the heavy- 
coded state 204. Alternatively if propagation conditions 
have improved greatly since entering the standby state 
206, the affected terminal A may transition to the light- 
coded state 202, preferably in response to a power 10 
measurement and associated light transition condition 
218. 

[0048] Continuing with reference to the heavy-coded 
state 204, the affected terminal, as noted above, contin- 
ues to monitor its power level, P. When P falls below the 15 
high-to-low threshold P h! , the affected terminal A transi- 
tions to the light request block 2 1 4 according to the light 
transition condition 218. In the light request block 214, 
the affected terminal A sends a request to the NOC to 
resume light-coded data transmission (as the degrading 20 
uplink signal conditions have abated). In the event that 
the NOC grants the request (the grant may be transmit- 
ted back through the satellite to the affected terminal A), 
the affected terminal A transitions through the light tran- 
sition block 216 to the light-coded state 202. As part of 25 
the transition, the affected terminal A may change to a 
new frequency channel or timeslot ("chanslot" in Figure 
2) as commanded by the NOC, and increase its power 
to a predetermined start point for light coding, P^. 
[0049] On the other hand, if the NOC denies the 30 
request, the affected terminal A transitions through the 
timeout block 220. According to the timeout block 220, 
the affected terminal A continues to send heavy-coded 
data for a predetermined amount of time, for example, 
Tout seconds. The value of T^, may be adjusted accord- 35 
ing to the particular communications system at issue 
and may range from several seconds to many tens of 
seconds, or more. After continuing heavy coded trans- 
mission for T out seconds, the affected terminal A transi- 
tions back to the heavy-coded state 204 where it 40 
proceeds as noted above to determine whether it 
should remain in the heavy-coded state 204. 
[0050] Hysteresis prevents the system from rapidly 
toggling between the light-coded, heavy-coded, and 
standby states. The initial heavy power level P^ and the 45 
heavy-to-light threshold P h |, in particular, are separated 
by a coding hysteresis interval, typically 1.0 dB. Thus, 
P )h may be 0.5 Watts, while P w may be 0.4 Watts (for 
example). Furthermore, P max is separated from P 8h by a 
standby hysteresis interval. As an example, P max may so 
be 2 Watts, while P 8h may be 1.6 Watts. It is reiterated 
that a substantia) decrease, typically 5.0 dB in P accom- 
panies a transition from light to heavy (i.e., from P m to 
P h o), and conversely. 

[0051 ] Turning to Figure 3, that figure depicts a block 55 
diagram 300 of one possible implementation of adaptive 
error coding on the uplink. The diagram 300 shows an 
affected terminal A 302, the atmospheric communica- 
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tion path 304, the satellite relay system 306 and the 
NOC 308, as well as a corresponding terminal B 348. 
The affected terminal A 302 includes a demodulator and 
decoder 310, a parser 312, and an adaptive error con- 
trol routine 314 implementing the steps noted above 
with respect to Figures 1 and 2. The affected terminal 
302 also includes an uplink timing device 316, a fre- 
quency synthesizer 318, coders 320, a modulator 322, 
and a transmitter with high power amplifier 323. The 
diagram 300 illustrates the rain effects 324 as an exam- 
ple of the atmospheric conditions and signal degrada- 
tion present in the communication path 304, which may 
affect the signal quality in both the uplink 326 as well as 
the downlink 328 although the effect may be unequal in 
the links. The corresponding terminal B 348 generally 
shares the same structure as the originating terminal A, 
and is thus shown in highly abbreviated form as simply 
including a traffic block 350 that generates and sends 
traffic to the originating terminal A 302. The diagram 
300 further shows the power control 330 and the NOC 
control 332. 

[0052] As diagram 300 illustrates, while the affected 
terminal 302 is initially transmitting uplink data using 
light encoding the affected terminal 302 receives down- 
link data 328 which includes power control information 
334 from the power control 330 of the satellite 306. The 
downlink information is demodulated and decoded by 
the demodulator and decoder 310, and parsed by 
parser 312 (to extract, for example, data relating to 
power control or directions relating to adaptive coding). 
In the preferred embodiment, the power control informa- 
tion 334 commands changes using the power adjust- 
ment control 341 to the affected terminal's 302 
transmission power 343 in response to the satellite 
power control 330 using the burst energy 336 from the 
uplink 326. The power control information 334 is used in 
the adaptive error control routine 314, together with the 
power level 343 (representing the power level P in Fig- 
ure 2, above). The power level 343 may thereby be used 
to determine whether, according to the heavy transition 
condition 212 for example, a transition to the heavy- 
coded state 204 is necessary. Similarly, changes in 
power level P may initiate transitions to light coded state 
202 or standby state 206. 

[0053] Referring back to Figure 3, if the adaptive error 
control routine 314 determines that the originating ter- 
minal 302 needs to encode subsequent uplink data 
using the heavy encoding level, the appropriate 
"change mode" request cells 338 are issued. The 
"change mode" request cells 338 are encoded by the 
coders 320, modulated by the modulator 322, and sent 
to the NOC control 332 in the uplink 326 (this step cor- 
responds to the heavy request block 208 in Figure 2). 
When the NOC control 332 grants the request of the 
affected terminal A 302 to transmit using heavy coding, 
the appropriate "change mode" cells 340 are prepared, 
and sent to the originating terminal A 302 in the down- 
link 328. The "change mode" cells 340 again go through 
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the demodulator and decoder 31 0, as weii as the parser 
312. Using the change mode celts 340. the adaptive 
error control routine 314 sets the mode parameter 342 
and the frequency channel and timeslot information 344 
to the new values reflecting heavy encoding of subse- 5 
quent transmissions. These new parameter values are 
used by the uplink timing device 316, the frequency syn- 
thesizer 318, the coders 320, and the modulator 322 to 
encode subsequent traffic cells 346 using the heavy 
error coding, at the correct uplink frequency and times- 10 
lot (this step corresponds to a transition to the heavy 
coded state 204 in Figure 2). Furthermore, the adaptive 
error control routine 314 modifies the power adjustment 
control 341 to drop P to the initial level P h0 for heavy 
code uplink transmission. 1S 

[0054] The affected terminal 302 continues to receive 
power control information 334 from the power control 
330 of the satellite 306 and to adjust its power level 343 
according to the power adjustment control 341. When 
the degradation of the signal quality due to rain effects 20 
324 decreases, the satellite's power control 330 directs 
the affected terminal A 302 to lower its transmit power 
343. When the transmit power 343 drops below the 
threshold P^f. the originating terminal A 302 may initiate 
a change mode procedure as described above, from 25 
heavy to light coding on the uplink 326. 
[0055] Adaptive error coding on the downlink can be 
implemented using a corresponding, system. However, 
in the downlink implementation, the "change mode" 
request ceils 338 need not be sent to the NOC control 30 
332. Rather, the "change mode" request cells 338 will 
be sent through the satellite 306 to each of the originat- 
ing terminals B (including, for example, the same struc- 
ture used in the originating terminal 302) and which are 
communicating with the originating terminal 302. 35 
[0056] For example, the originating terminal B 348 
may set the VPI field in ATM data cells addressed to the 
affected terminal A 302 to have the data encoded by the 
satellite 306 using heavy coding on the downlink Thus, 
the change of coding mode address cells 352 received 40 
at the originating terminal B 348 will cause the subse- 
quent traffic cells 354 to bear the appropriate address 
indication for the type of coding desired on the downlink. 
[0057] Please note that the traffic cells 354 from orig- 
inating terminal B 348 and the change mode cells 340 45 
from the NOC 308 are shown in Figure 3 only in terms 
of the downlink 328. In actuality, these cells must first 
traverse the uplink 326 and transit the satellite 306 prior 
to entering the downlink 334. From the perspective of 
affected terminal A, however, these cells have relevance so 
only in the downlink. Therefore for clarity, the transit of 
the satellite by these cells is not shown in Figure 3. Sim- 
ilarly, the change coding mode address cells 352 sent to 
the corresponding terminal B actually transit the satel- 
lite and arrive in the downlink 328. However, since these ss 
cells are relevant solely in the uplink for the affected ter- 
minal A, they are shown only on the uplink 326 side of 
Figure 3, again for clarity. 
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[0058] The overall result of the adaptive coding 
scheme is to provide downlink cells 335 that arrive with 
the appropriate downlink coding level and to accept 
uplink ceils 346 at the appropriate uplink coding level. 

[0059] While particular elements, embodiments and 
applications of the present invention have been shown 
and described, it is understood that the invention is not 
limited thereto since modifications may be made by 
those skilled in the art. particularly in light of the forego- 
ing teaching. It is therefore contemplated by the 
appended claims to cover such modifications and incor- 
porate those features which come within the spirit and 
scope of the invention. 

Claims 

1 . In a satellite communications system including orig- 
inating and destination terminals which send and 
receive data through a satellite, a method for adap- 
tive error control coding of data in a downlink, the 
method comprising the steps of: 

receiving at said destination terminal a down- 
link including light coded data transmitted by a 
satellite; 

determining a first data error rate associated 
with said light coded data; 
when said first data error rate exceeds a first 
threshold, commanding said originating termi- 
nal to subsequently select transmission of 
heavy coded data having a code rate less than 
said light coded data in said downlink to said 
destination terminal; and 
when said first data error rate falls below a sec- 
ond threshold, commanding said originating 
terminal to subsequently select transmission of 
light coded data in said downlink to said desti- 
nation terminal. 

2. The method of claim 1 , further comprising the steps 
of: 

establishing an enter-suspension threshold; 
determining a second data error rate associ- 
ated with said heavy coded data; and 
commanding said originating terminal to sus- 
pend transmission when said second data 
error rate exceeds said enter-suspension 
threshold. 

3. The method of claim 2, further comprising the steps 
of: 

establishing an exit-suspension threshold sep- 
arated from said enter suspension threshold by 
a suspension hysteresis interval; 
commanding said originating terminal to 
resume transmission when said second data 
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error rate falls below said exit-suspension 
threshold. 

4. The method of claim 3, wherein said step of com- 
manding to resume transmission further comprises s 
commanding said originating terminal to select 
transmission of heavy coded data in said downlink 

to said destination terminal. 

5. The method of claim 2, wherein said step of com- 10 
manding to suspend transmission further com- 
prises commanding a Network Operation Control 
(NOC) to suspend transmission to said destination 
terminal. 

15 

6. The method of claim 3, wherein said step of com- 
manding to resume transmission comprises com- 
manding originating terminal to resume 
transmissions. 

20 

7. The method of claim 3, wherein said step of com- 
manding to resume transmission comprises com- 
manding a Network Operation Control (NOC) to 
resume transmission to said destination terminal. 

25 

8. The method of claim 1, wherein said step of com- 
manding to subsequently select transmission of 
heavy coded data comprises commanding said 
originating terminal to set an address bit to a heavy 
coding value. 30 

9. The method of claim 8, further comprising the step 
of applying, at a satellite, an inner code selected by 
said address bit to form said heavy coded data in 
said downlink. 35 

10. The method of claim 1, wherein said step of com- 
munication to subsequently select transmission of 
light coded data comprises commanding said origi- 
nating terminal to set an address bit to a light cod- 40 
ing value. 

1 1 . The method of claim 1 0, further comprising the step 
of applying, at a satellite, an inner code selected by 
said address bit to form light coded signals in the 45 
downlink. 



14. The method of claim 9. wherein said step of apply- 
ing an inner code comprises applying a heavy inner 
code having a code rate half that of a light inner 
code. 

15. The method of claim 3, wherein said step of com- 
manding to subsequently select transmission of 
heavy coded data comprises the step of selecting 
transmission of data in said downlink of heavy 
coded data having a code rate half that of light 
coded data. 

16. The method of claim 1, wherein said step of com- 
manding to subsequently select transmission of 
heavy coded data comprises the step of selecting 
transmission of data in said downlink of heavy 
coded data having a code rate half that of light 
coded data. 

17. In a satellite communications system including a 
Network Operation Center (NOC) and terminals 
which send and receive data through a satellite, a 
method for adaptive error control coding of data in 
an uplink, the method comprising the steps of: 

sending in uplink transmissions, by an originat- 
ing terminal, light coded data addressed to a 
first destination terminal; 
monitoring a power level associated with said 
uplink transmissions; 

when said power level exceeds a first thresh- 
old, subsequently sanding heavy coded data in 
said uplink transmissions; and 
when said power level exceeds a second 
threshold, suspending, by said originating ter- 
minal, subsequent transmissions. 

18. The method of claim 18, further comprising the 
steps of: 

when said power level falls below a third 
threshold, subsequently sending light coded 
data in said uplink transmissions. 

19. The method of claim 17, further comprising the 
steps of: 



resuming transmissions, by said originating ter- 
minal, when said power level falls below a 
so fourth threshold separated from said second 

threshold by a suspension hysteresis interval. 



12. The method of claim 2, wherein said step of deter- 
mining a second data error rate comprises deter- 
mining a second data error rate associated with 
data in said downlink originating at a second origi- 
nating terminal. 

13. The method of claim 1, wherein said step of deter- 
mining a second data error rate comprises deter- 55 
mining a second data error rate associated with 
data in said downlink addressed to a second desti- 
nation terminal. 



20. The method of claim 17, wherein said step of sub- 
sequently sending heavy coded data further com- 
prising the step of sending a switch-to-heavy 
request and when said switch-to-heavy request is 
denied, commanding said originating terminal to 
enter standby mode. 
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21. The method of claim 19, wherein said step of 
resuming transmissions comprises resuming trans- 
missions of heavy coded data from said originating 
terminal. 

5 

22. The method of claim 19, wherein said step of 
resuming transmissions comprises resuming trans- 
missions of light coded data from said originating 
terminal. 

10 

23. The method of claim 19, wherein said step of sus- 
pending subsequent transmissions comprises sus- 
pending transmissions other than synchronization 
bursts. 

15 

24. The method of claim 1 7, wherein the step of subse- 
quently sending heavy coded data comprises the 
step of applying an inner code generating said 
heavy coded data. 

20 

25. The method of claim 24, wherein the step of apply- 
ing an inner code to generate said heavy coded 
data comprises applying an inner code having a 
code rate half that of light coded data. 

25 

26. The method of daim 18, wherein the step of subse- 
quently sending light coded data comprises the 
step of applying an inner code generating said light 
coded data. 

30 

27. The method of claim 26, wherein the step of apply- 
ing an inner code to generate said light coded data 
comprises applying an inner code having a code 
rate twice that of heavy coded data. 

35 
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